INTRODUCTION
============

Crohn\'s disease (CD) is a chronic inflammatory disease that involves the entire gastrointestinal tract from the mouth to the anus. Clinical manifestations of CD include diarrhea, abdominal pain, and weight loss; are variable from acute to chronic in nature; and commonly involve growth retardation in children. Intestinal stricture, entero-cutaneous fistula formation, entero-entero, perianal, and intestinal obstruction can be noted, and these are common indications for surgery in CD patients.

Despite the amount of time that has passed since Crohn et al. ([@B1]) reported \'regional ileitis\' in 1932, the etiopathogenesis of CD is not clear. Environmental factors, abnormal immunologic reaction, and genetic susceptibility have been considered major causes related to the incidence of CD ([@B2]).

The incidence rate of CD has been reported to be higher in Western countries than in Asian countries ([@B3]). Recently, the incidence rate of inflammatory bowel disease (IBD) has been increasing in Korea and China as lifestyles change to a more Western style ([@B4], [@B5]). This implies that environmental factors are related to the etiology of CD. According to the increasing rate of IBD in Korea, intestinal resection due to CD is an important issue not only for patients with CD but also for medical providers. Thus, evaluation of phenotypes confining to Korean patients with CD who underwent intestinal resection could be valuable and could represent Asian patients with CD who underwent intestinal resection. However, to date, no studies have evaluated the phenotypic characteristics of Korean patients with CD who underwent an intestinal resection. Thus, the aim of this study was to evaluate the phenotypes of patients with CD who underwent intestinal resection and the changing pattern of the indication for surgery and types of surgery in Korea.

MATERIALS AND METHODS
=====================

A database of the registry of CD patients who underwent intestinal surgery due to CD was established in 2009 by the Inflammatory Bowel Disease Study Group of the Korean Society of Coloproctology. All patients who fulfilled the diagnostic criteria of CD were registered in the database ([@B6], [@B7]).

Seventeen major tertiary university-affiliated hospitals and one colorectal specializing hospital collaborated on this project. Data were collected retrospectively using medical charts from each hospital and then consolidated in a main computer at the Yonsei University College of Medicine. Variables associated with patient demographics and phenotypes of CD in the registry were selected based on the Montreal classification ([@B6]).

Data for this study were extracted from this database. A total of 686 patients were registered in the database, and all of these patients were enrolled in this study. Patients had biopsy-proven CD and underwent intestinal resection as treatment for CD. The study period spanned a total of 20 yr. The study period was decided by the first primary intestinal surgery of the enrolled patients for the treatment of CD.

Patient characteristics and phenotypes of CD were evaluated. Patients were divided into the first-10-yr group and the following second-10-yr group. Differences in phenotype and clinical characteristics were evaluated by the process of time by comparing the two groups.

Statistical analysis
--------------------

Data were analyzed using the SPSS statistical program (Statistical Product and Service Solution, version 18 for Windows, SPSS Inc., Chicago, IL, USA). Age, disease location, disease behavior, perianal disease, family history, main symptoms and extraintestinal manifestations were categorized according to the Montreal classification ([@B6]). These phenotypes were compared between the first and second study periods using the chi-square test. Causes and types of abdominal surgery were also compared between the two periods using the chi-squared test. *P* values which were less than 0.05 were considered statistically significant.

Ethics statement
----------------

The study protocol was approved by the institutional review board of Severance Hospital, Yonsei University College of Medicine (IRB No. 4-2012-0552), and an informed consent was obtained from every of the patients.

RESULTS
=======

Patients\' characteristics and phenotypes of the disease
--------------------------------------------------------

The number of enrolled patients has been increasing continuously ([Fig. 1](#F1){ref-type="fig"}), and the total number of patients who were enrolled in the study was 686. The number of male and female patients was 479 (69.8%) and 207 (30.2%), respectively. The median age was 31 yr (range 5-80 yr). The most common age period was 17-40 yr (76.1%, n = 522). The location of the disease was ileal (37.8%), ileocolic (35.0%), colonic (16.0%) and upper gastrointestinal tract (4.5%). The most common behavior of the disease was the stricturing type (38.3%), and the penetrating type was observed in 30.0% of the patients. Non-stricturing and non-penetrating types were observed in 24.1% of the patients. Perianal disease was noted in 21.0% of the patients. Abdominal pain was the most common main symptom (69.0%). As for the other main symptoms, diarrhea, weight loss, fever and abdominal mass were noted in 18.5%, 5.7%, 1.3%, and 0.9% of the patients, respectively. Besides the main symptoms, other symptoms including anemia, somatitis, erythema nodosum, and arthritis were noted in 2.5%, 0.7%, 0.6%, and 0.4% of the patients, respectively ([Table 1](#T1){ref-type="table"}). The phenotypes were not different significantly between the first period (1990-2000) and the second period (2001-2009; [Table 1](#T1){ref-type="table"}).

Causes of abdominal surgery
---------------------------

Intestinal obstruction (25.1%) and intra-abdominal abscess (25.2%) were the main causes of abdominal surgery. The percentage of patients who received intestinal resection due to intractability to medical therapy was 17.6%, and 16.8% of the patients received an intestinal resection due to an entero-cutaneous fistula. Fulminant colitis and massive bleeding were the causes of abdominal surgery in 0.7% and 1.9% of the patients, respectively. These causes of abdominal surgery were similar for both time periods ([Table 2](#T2){ref-type="table"}).

Types of abdominal surgery
--------------------------

Segmental resection of the small bowel was performed in 30.6% of the patients. Ileocecetomy and right hemicolectomy were each performed in 23.9% of the patients. A total colectomy was performed in 5.4% of the patients. A total proctocolectomy with a permanent ileostomy was performed in 3.6% of the patients, and a total proctocolectomy with an ileal J-pouch anal anastomosis was performed in 0.4% of the patients. Strictureplasty only was performed in 0.6% of the patients. There was no significant difference in surgical procedures between the first and second time period ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

The most common disease location and the most common disease behavior were the ileal area and the stricturing type, respectively, in the present study cohort. These phenotypes are different from those of CD patients in Western countries. The most common disease location in Western countries is the ileocolic area. Inflammatory disease behavior has been reported as the most common type in both Eastern and Western countries ([@B7]-[@B9]). Moreover, a study from Korea reported that the most common disease behavior was the inflammatory type, and the most common disease location was the ileocolic area ([@B7]). We postulate that the reason why the most common disease behavior was the stricturing type is that the cases in this study are based on patients who underwent surgery for CD. This postulation could be possible considering that the stricturing disease behavior could be one of the main causes of intestinal obstruction. In the subgroup analysis, the stricturing disease behavior was noted in 86.2% (n = 137/n = 159, missing data n = 13) of patients who underwent intestinal surgery due to intestinal obstruction (n = 172).

Environmental factors can be important etiologies if it is considered that the incidence of CD in Asia is increasing ([@B3], [@B10]). Diets and other lifestyle patterns of Asian countries are becoming similar to those in Western countries according to the socioeconomic status of developing Asian countries. These environmental changes could be considered the reason why the incidence of CD in Asia is increasing even though, to date, the incidence rate of CD in Caucasian countries is higher than in Asian countries ([@B3], [@B10], [@B11]). In the present study, an annual rapidly increasing number of CD patients who were registered because they underwent intestinal resection for treatment of CD in the database showed a similar pattern with that of previous studies ([@B3], [@B10], [@B11]), and this might imply that environmental factors may play a major role in the etiopathogenesis of Crohn\'s disease.

In the present study, the phenotypes were not different in the comparison between the first 10 yr and the second 10 yr. Throughout the 20-yr study period, the environmental situation has been changing according to developing socioeconomic status. In the present study, it can be assumed that environmental factors did not influence each of the phenotypes changing in CD patients who underwent intestinal resection even though it might be related to the increasing incidence of CD. Similarly, the types of abdominal operations were not different in the comparison between the first 10 yr and the second 10 yr. This is predictable because the types of operation are usually decided by the disease location or the behavior of the disease, and the disease location and disease behavior were not changed throughout the study period.

Family history of CD is known to be risk factor of the development of CD ([@B12], [@B13]). Family history was noted in 2.3% of the patients in the present study. These results are similar to a previous Japanese study in which the family history was noted in 2.8% of CD patients and a Korean study in which the family history was noted in 1.51% of CD patients ([@B14], [@B15]). The positive rate of family history in CD patients who underwent intestinal resection was similar with the study results where general CD patients were evaluated ([@B14], [@B15]). However, the 2.3% positive family history rate of CD in the present study is relatively quite lower than the positive family history rate of CD in Western countries, in which, the positive family history rate of CD is reported to be from 5% to 18% ([@B12], [@B15]-[@B17]).

The numbers of male and female patients were 479 (69.8%) and 207 (30.2%), respectively. Male predominance was noted in the present study. The male and female ratio was 2.3:1, and these results are similar to previous reports from Eastern Countries ([@B10], [@B18], [@B19]). Meanwhile, in Western countries, there was a 20-30% female predominance observed in CD patients ([@B20], [@B21]). Environmental, ethnic and genetic factors may be the etiologic factors for this difference.

At the time of the operation, a perianal fistula was observed in 21% of the patients. These results are similar to a previous study from Korean and to Western studies ([@B7], [@B22], [@B23]). However, Ye et al. reported that the cumulative frequency of perianal fistulas was 54.3% after 15 yr from the first diagnosis ([@B7]). This was a relatively high incidence compared to the Western studies. In the study performed here, the cumulative frequency of perianal fistulas were not evaluated. The cumulative frequency of perianal fistulas in patients who received intestinal resection due to CD will be evaluated in our next study.

The present study has some limitations. There is a selection bias because the data were collected from 17 major university hospitals and one specialized colorectal hospital. However, the hospitals that participated in this study are spread evenly throughout Korea. Thus, the data in the present study can represent the phenotypes of Korean CD patients who underwent intestinal resection even though these data have a basic selection bias. Nevertheless, large scale cohort studies are necessary to confirm the results of this study and investigate the detailed characteristic phenotypes of Korean CD patients who underwent intestinal resection compared to total CD patients or CD patients who do not undergo intestinal resection.

The CD patients who were only being treated medically were excluded because the registry was built by investigators who are gastrointestinal surgeons. Thus, our results cannot be generalized to the whole CD patient population. However, the results of the present study show the specific phenotypes of CD patients confined to CD patients who underwent intestinal resection. Thus, the results of this study might have an important value since surgical treatment is a major concern to patients and their caregivers.

The annual registered number of CD patients who underwent intestinal resection has been increasing since 1990. The ileal area and the stricturing type are the most common disease location and disease behavior, respectively, in this study population. These phenotypic characteristics are different from those of the general CD patients, and did not change during the 20-yr study period.
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Patients characteristics according to phenotype at the first intestinal surgery (n=686, 1990-2009) and differences in phenotypes between the two study periods (1990-1999) and (2000-2009)
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Causes of intestinal surgery between the periods 1990-1999 and 2000-2009
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Types of intestinal surgery between the periods 1990-1999 and 2000-2009
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TPC, total proctocolectomy; IPAA, ileal pouch-anal anastomosis.
